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ABSTRACT
A s tu d y  was c o n d u c te d  to  d e te rm in e  th e  e f f e c t  o f  e th e p h o n  on 
r i p e n i n g  o f  T ab asco  p e p p e r s .  In  one e x p e r im e n t p l a n t s  w ere  s p ra y e d  
w ith  6000 ppm e th e p h o n  a t  27 and  37 d ay s  a f t e r  f lo w e r in g .  F r u i t s  w ere 
h a r v e s te d  3 d ay s  a f t e r  t r e a tm e n t  f o r  l a b o r a to r y  a n a ly s e s  (30  and  40 
d ay s  a f t e r  t a g g i n g ) . F r u i t s  o f  s i m i l a r  ag e  w ere  h a r v e s te d  from  c o n t r o l  
p l a n t s .  T h is  p ro c e d u re  was r e p e a te d  3 tim e s  d u r in g  th e  h a r v e s t  s e a s o n  
( J u ly  th ro u g h  O c to b e r ) . A n a ly se s  f o r  c a rb o n  d io x id e  and  e th y le n e  ev o ­
l u t i o n  w ere  p e rfo rm e d  im m e d ia te ly  a f t e r  h a r v e s t  and  a g a in  a f t e r  24 h o u r s .  
D e te rm in a t io n s  f o r  2 c a r o t e n o i d s ,  c a p s a n th in  and b e t a - c a r o t e n e ,  w ere 
made j u s t  a f t e r  h a r v e s t  and  a f t e r  4 d a y s  s t o r a g e  ( 7 5 ° F . ) .  D ry m a t t e r  
d e t e r m in a t io n s  w ere  i n i t i a t e d  im m e d ia te ly  a f t e r  h a r v e s t .
In  a  se c o n d  e x p e r im e n t t r e a tm e n ts  c o n s i s t i n g  o f  0 ,  1000, 2000,
4000  o r  8000 ppm e th e p h o n , w i th  and  w i th o u t  a  s u r f a c t a n t ,  w ere  a p p l ie d  
to  T ab asco  p e p p e r  p l a n t s .  T h re e  d a y s  l a t e r  p l a n t s  w ere  s c o re d  f o r  d e ­
g re e  o f  a b s c i s s i o n  o f  th e  v a r io u s  p a r t s  and  f r u i t s  w ere  h a r v e s t e d .  A n a ly ­
s e s  w ere  p e rfo rm e d  a s  abo v e  e x c e p t  no g as  ex ch an g e  s t u d i e s  w ere  c o n d u c te d . 
F r u i t s  w ere  f r o z e n  a f t e r  4 d ay s  s to r a g e  to  a r r e s t  f u r t h e r  c o l o r  c h a n g e s .
A b s c is s io n  o f  a l l  p l a n t  p a r t s  was g r e a t e r  a t  th e  h ig h e r  l e v e l s  
o f  e th e p h o n  t r e a tm e n t  and  was in c r e a s e d  by  a d d in g  a  s u r f a c t a n t .  Lower 
l e v e l s  o f  e th e p h o n  p ro d u c e d  o n ly  s m a l l  l o s s e s  o f  f lo w e rs  and  f o l i a g e  
b u t  c a u se d  some f r u i t  a b s c i s s i o n .  L a rg e  q u a n t i t i e s  o f  im m ature f r u i t s  
a b s c i s s e d  a t  th e  h ig h e r  c o n c e n t r a t i o n s  o f  e th e p h o n ; th e  c h e m ic a l p rom oted
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f o rm a t io n  o f  th e  a b s c i s s i o n  l a y e r  a t  th e  a t ta c h m e n t  o f  th e  f r u i t  s tem . 
R ecovery  o f  T ab asco  p l a n t s  d e f o l i a t e d  by e th e p h o n  t r e a tm e n t  in  J u ly  
was r e l a t i v e l y  r a p id  and  made p o s s i b l e  th e  h a r v e s t  o f  a  seco n d  c ro p  in  
l a t e  S e p te m b e r.
A p r e - h a r v e s t  t r e a tm e n t  o f  6000 ppm e th e p h o n  s i g n i f i c a n t l y  r e ­
duced  c a rb o n  d io x id e  e v o lu t io n  o f  b o th  30 and  AO day o ld  pods j u s t  a f t e r  
h a r v e s t .  A f t e r  24 h o u r s ,  e v o lu t io n  o f  t h i s  g a s  from  t r e a t e d  pods was 
s l i g h t l y  g r e a t e r  th a n  t h a t  o f  c o n t r o l  f r u i t s  in  eac h  ag e  c a t e g o r y .  The 
same c o n c e n t r a t i o n  p ro d u ced  s i z e a b l e  in c r e a s e s  in  e th y le n e  e v o lu t io n  
o f  b o th  30 and  40 day  o ld  f r u i t s  s h o r t l y  a f t e r  h a r v e s t ,  b u t  in c r e a s e s  
w ere  o n ly  s i g n i f i c a n t  f o r  th e  y o u n g e r  f r u i t s .  T re a te d  f r u i t s  o f  b o th  
a g e s  e v o lv e d  s l i g h t l y  g r e a t e r  am ounts o f  e th y le n e  th a n  c o n t r o l s  a f t e r  
24 h o u r s .  A g e n e r a l  d e c l in e  in  r a t e s  o f  g a s  ex ch an g e  o c c u r r e d  d u r in g  
th e  f i r s t  24 h o u rs  a f t e r  h a r v e s t .
C a p s a n th in  was r e l a t i v e l y  u n a f f e c t e d  by 6000 ppm e th e p h o n  in  
u n s to r e d  p e p p e rs  40 d ay s  o f  a g e ;  th e  p ig m en t was n o t  found  a t  h a r v e s t  
in  30 day  o ld  p o d s . Four d ay s fo l lo w in g  t r e a tm e n t  f r u i t s  30 d ay s  
o f  ag e  showed a  much g r e a t e r  in c r e a s e  in  c a p s a n th in  th a n  c o n t r o l  
f r u i t s  o f  th e  same a g e .  C a p s a n th in  d ev e lo p m en t in  40 day  o ld  f r u i t s  
d u r in g  4 d ay s s to r a g e  was n o t  f a v o re d  by e th e p h o n  t r e a tm e n t .  The same 
c o n c e n t r a t i o n  o f  e th e p h o n  in c r e a s e d  b e t a - c a r o t e n e  in  u n s to r e d  40 d ay  o ld  
p o d s , b u t  l i k e  c a p s a n th in ,  t h i s  p ig m en t was n o t  p r e s e n t  in  th e  u n s to r e d  
y o u n g e r f r u i t s .  D evelopm ent o f  th e  p ig m en t d u r in g  a  4 -d a y  s to r a g e  was 
s i g n i f i c a n t l y  I n c r e a s e d  by  e th e p h o n  in  30 d ay  o ld  f r u i t s ,  b u t  a  r e d u c t io n  
o c c u r r e d  in  t r e a t e d  f r u i t s  40 d ay s  o f  a g e .  G e n e r a l ly ,  40 day  o ld  f r u i t s
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c o n ta in e d  m ore c a r o t e n o id  p ig m en t th a n  30 day  o ld  f r u i t s .  In  th e  o t h e r  
e x p e r im e n t in c r e a s in g  th e  e th e p h o n  c o n c e n t r a t i o n  a p p l ie d  to  T ab asco  
p l a n t s  (w ith  and  w i th o u t  a  s u r f a c t a n t )  d id  n o t  a f f e c t  f r u i t  c o l o r  d e ­
v e lo p m e n t, b u t  e x c e s s iv e  r a i n f a l l  l i k e l y  in f lu e n c e d  r e s u l t s .
D ry m a t t e r  o f  T ab asco  p e p p e rs  was n o t  a f f e c t e d  by e th ep h o n  
r e g a r d l e s s  o f  c o n c e n t r a t i o n  o r  ag e  o f  f r u i t .
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INTRODUCTION
H ot p e p p e rs  i s  one o f  th e  m ost Im p o r ta n t  h o r t i c u l t u r a l  c ro p s
grown in  L o u is ia n a .  M ost p e p p e rs  a r e  grown on s m a ll  fa rm s lo c a te d  in
th e  s o u th w e s t  p a r t  o f  th e  s t a t e .  The b u lk  o f  f r u i t  p ro d u ced  i s  u se d  in
th e  p r o c e s s in g  in d u s t r y  p r i m a r i l y  f o r  h o t  s a u c e ,  d r i e d  re d  p e p p e r ,  o r
v a r io u s  p ic k le d  p r o d u c ts .
L ab o r re m a in s  one o f  th e  fo re m o s t p ro b lem s in  th e  p ro d u c t io n  o f  
h o t  p e p p e r s .  W ith  th e  i n d u s t r i a l  and  p e tro le u m  d ev e lo p m en t in  S o u th ­
w e s t L o u i s i a n a ,  th e  a v a i l a b i l i t y  o f  l a b o r  h a s  d w in d le d . G row ers may 
th u s  h a v e  to  tu r n  to  m e c h a n ic a l  h a r v e s t i n g  to  i n s u r e  a  s a t i s f a c t o r y  
s u p p ly  o f  th e  raw  p r o d u c t .
A c h e m ic a l compound known a s  e th e p h o n  ( 2 - c h lo ro e th y lp h o s p h o n lc  
a c id )  h a s  r e c e iv e d  c o n s id e r a b le  a t t e n t i o n  a s  a  r e s u l t  o f  i t s  a b i l i t y  to  
p ro d u c e  v a r io u s  p h y s io lo g i c a l  r e s p o n s e s  in  p l a n t s .  The r ip e n in g  p ro c e s s  
f o r  many ty p e s  o f  f r u i t  h a s  b een  s t im u la t e d  by t h i s  compound r e s u l t i n g  
i n  c o l o r  c h a n g e s  and  i n i t i a t i o n  o f  a b s c i s s i o n  l a y e r  fo rm a t io n .  P r e ­
h a r v e s t  and  p o s t - h a r v e s t  s p r a y s  o f  e th e p h o n  i n i t i a t e d  r ip e n in g  o f  
C ayenne and  S p o r t  h o t  p e p p e r s .  Use o f  t h i s  compound may f a c i l i t a t e  
th e  m e c h a n ic a l h a r v e s t  o f  o t h e r  v a r i e t i e s  o f  h o t  p e p p e r s .
The p r e s e n t  s tu d y  w as u n d e r ta k e n  to  d e te rm in e  th e  e f f e c t  o f  
e th e p h o n  on r i p e n i n g  p a t t e r n s  and  a b s c i s s i o n  in  th e  T ab asco  p e p p e r .
1
REVIEW OF LITERATURE
F r u i t  R e s p i r a t io n
A f t e r  th e  c l a s s i c  p a p e r  by K idd and  W est (1925 ) on  th e  c l im a c ­
t e r i c  phenom enon o f  r ip e n i n g ,  num erous w o rk e rs  h a v e  s tu d ie d  t h i s  phy­
s i o l o g i c a l  p r o c e s s  i n  a  w id e  v a r i e t y  o f  f r u i t s .  N ot a l l  f r u i t s  
e x p e r ie n c e  a  c l i m a c t e r i c  r i s e  in  c a rb o n  d io x id e  p r o d u c t io n .  I n s t e a d ,  
some p ro d u c e  t h i s  g a s  a t  a  g r a d u a l ly  d e c l i n i n g  r a t e  a s  th e y  ap p ro ac h  
m a t u r i t y .  G e n e r a l ly  th e  am ount o f  c a rb o n  d io x id e  e v o lv e d  in  c o n n e c t io n  
w i th  th e  c l i m a c t e r i c  a t  a  g iv e n  te m p e ra tu re  can  be  chan g ed  v e ry  l i t t l e ;  
h o w ev e r, th e  p r o c e s s  c a n  be  c a u se d  to  o c c u r  s o o n e r  th a n  n o rm al w ith  
m in u te  am ounts o f  ex ogenous e t h y le n e .  C o n tro l  o f  th e  c l i m a c t e r i c  h a s  
im p o r ta n t  im p l ic a t io n s  in  b o th  r i p e n i n g  and  s t o r i n g  a  com m odity.
Howard and  Y am aguchi (24 ) o b s e rv e d  t h a t  th e  r e s p i r a t i o n  r a t e  o f  
i n t a c t  C a l i f o r n i a  W onder v a r i e t y  p e p p e r  t i s s u e  d e c l in e d  w i th  m a tu r i t y .  
O nly  a  s l i g h t  r i s e  in  oxygen c o n su m p tio n  a t  th e  m a tu re -g re e n  s t a g e  i n ­
t e r r u p t e d  th e  downward t r e n d  d u r in g  f r u i t  r ip e n i n g .  P r a t t  and  Lyons 
(3 7 ) e x p e c te d  b e l l  p e p p e r  f r u i t s  to  b eh av e  in  s i m i l a r  f a s h io n  to  to m a to es  
in  r e s p e c t  to  r e s p i r a t i o n  and  c o l o r  ch an g e  d u r in g  r i p e n i n g ,  b u t  w ere 
u n a b le  to  s e c u r e  c o n s i s t e n t  r e s u l t s  o v e r  2 s e a s o n s .  Y am aguchi e t  a l .
(46 ) i n j e c t e d  la b e le d  c a rb o n  d io x id e  i n t o  th e  f r u i t  c a v i t y  o f  S p a n ish  
P a p r ik a  p e p p e r s .  F iv e  to  67. o f  th e  la b e le d  c a rb o n  w as in c o r p o r a te d  i n t o  
o r g a n ic  com pounds in  m a tu re -g r e e n  f r u i t s  i n  3 to  5 h o u r s  w h i le  r i p e  
f r u i t s  I n c o r p o r a te d  b u t  1 t o  2X. They a l s o  w ere  a b le  to  show t h a t  th e  
p e d i c e l s  o f  b o th  g re e n  and  r i p e  f r u i t s  u t i l i z e d  c a rb o n  d io x id e  from  th e  
f r u i t  c a v i t y  in  th e  p r e s e n c e  o f  l i g h t ,  b u t  in  d a rk n e s s  in c o r p o r a te d
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l i t t l e  o f  th e  la b e le d  c a rb o n .  Y am aguchi, H ow ard, H ughes and  Thompson
(47 ) u s in g  f r u i t  s t i l l  a t t a c h e d  to  f i e l d  grown p l a n t s  sam pled  g a s e s  from  
c a v i t i e s  o f  S p a n ish  P a p r ik a  p e p p e r s .  C o n c e n t r a t io n s  o f  c a rb o n  d io x id e  
in c r e a s e d  a s  d a y tim e  te m p e ra tu r e s  r o s e  u n t i l  a  maximum was re a c h e d  n e a r  
m id -d a y . An a c c u m u la tio n  o f  g a s e s  was found  in  m a tu re -g re e n  o r  r i p e r  
f r u i t s  w h ile  o n ly  s m a l l  i n c r e a s e s  in  c a rb o n  d io x id e  w ere  o b s e rv e d  in  
im n a tu re -g re e n  f r u i t s .  On th e  b a s i s  o f  t h e i r  f in d in g s  th e  a u th o r s  co n ­
c lu d e d  t h a t ,  "C arbon  d io x id e  i s  an  im p o r ta n t  m e ta b o l i t e  in  t i s s u e s  - -  
i t  a p p e a r s  t h a t  t h i s  g as  i n  th e  c a v i ty  o f  p e p p e r  f r u i t s  i s  in  a  dynam ic 
s t a t e  and  a  l a r g e  p o r t i o n  o f  i t  i s  r e c y c le d  in  m e ta b o lic  p r o c e s s e s ."
E th y le n e  and  I t s  E f f e c t s  on R ip e n in g  F r u i t s
V a r io u s  w o rk e rs  h a v e  s tu d i e d  th e  e f f e c t  o f  e th y le n e  on f r u i t  
r ip e n i n g .  A c c o rd in g  to  B ia le  and  c o -w o rk e rs  ( 4 ) ,  a  s t r o n g  c o r r e l a t i o n  
e x i s t e d  b e tw een  a  r e l a t i v e l y  h ig h  p r o d u c t io n  o f  e th y le n e  and  a  p ro n o u n ced  
c l i m a c t e r i c  in  a l l  th e  f r u i t s  th e y  s t u d i e d .  The mango was th e  lo n e  ex ­
c e p t io n .  T hese w o rk e rs  d e s c r ib e d  th e  f o l lo w in g  3 c a t e g o r i e s  o f  f r u i t  
w ith  r e s p e c t  to  e th y le n e :
A. F r u i t s  w i th  a  p ro n o u n ced  c l i m a c t e r i c  c a p a b le  o f  p ro d u c in g  
s i g n i f i c a n t  q u a n t i t i e s  o f  e t h y l e n e .  E x .:  a v o c a d o , b an an a ,
a p p le ,  p e a r ,  plum
B . F r u i t s  w ith  a  p ro n o u n ced  c l i m a c t e r i c  b u t  n o t  p ro d u c in g  
e t h y le n e .  E x .:  mango
C. F r u i t s  n o t  e x h i b i t i n g  a  c l i m a c t e r i c  and  n o t  p ro d u c in g  
e th y le n e  u n d e r  n o rm a l c o n d i t i o n s .  E x .:  lem on, o ra n g e
A f o u r th  c a te g o r y  o f  e th y le n e - p r o d u c in g  f r u i t s  t h a t  do  n o t  h a v e  a  c l i ­
m a c te r i c  was n o t  in c lu d e d  s in c e  no sam p les  c o u ld  be  c i t e d .
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B la le  (5 ) p o in te d  o u t  t h a t  a s  l i t t l e  a s  1 ppm o f  e th y le n e  In  
th e  a tm o sp h e re  w i l l  ad v an c e  th e  b e g in n in g  o f  th e  c l i m a c t e r i c  r i s e  in  
r e s p i r a t i o n .  He n o te d  t h a t  i n  some f r u i t s ,  su ch  a s  o r a n g e s ,  e th y le n e  
m e re ly  a c c e l e r a t e s  th e  d is a p p e a r a n c e  o f  c h l o r o p h y l l  from  th e  p e e l  
w h i le  in  o t h e r  f r u i t s ,  e . g . ,  th e  b a n a n a , i t  r e s u l t s  i n  an  e a r l i e r  
t r a n s f o r m a t io n  o f  s t a r c h  to  s u g a r .
In  1962, B urg (1 1 ) s t a t e d  t h a t ,  " t h e r e  now a r e  no p ro v e n  e x c e p ­
t i o n s  to  th e  r u l e  t h a t  a l l  f l e s h y  f r u i t s  p ro d u c e  e t h y le n e .  In n u m e ra b le  
exam ples s u p p o r t ,  and  no known e x c e p t io n s  r e f u t e  th e  c o n c lu s io n  t h a t  
e th y le n e  a c c e l e r a t e s  th e  r i p e n i n g  o f  a l l  f l e s h y  f r u i t s .  The maxim t h a t  
a  f r u i t :  m u st h a v e  a c h ie v e d  a  c e r t a i n  minimum s t a t e  o f  m a tu r i t y  b e f o r e  
i t  c a n  be a f f e c t e d  by  e th y le n e  i s  s u p p o r te d  by  c o n s id e r a b le  e v id e n c e ."
He a l s o  s u g g e s te d  t h a t  th e  n a t u r a l  e th y le n e  c o n te n t  o f  a  f r u i t  c o u ld  
a l t e r  i t s  r e a c t i o n  to  th e  a p p l ie d  g a s .  F r u i t s  w i th  q u a n t i t i e s  o f  e t h y ­
le n e  n e a r  th e  l e v e l  o f  p h y s io lo g i c a l  a c t i v i t y  w ould  th u s  r e q u i r e  a  
s m a l l  a d d i t i o n a l  am ount o f  e th y le n e  to  i n i t i a t e  a c t i v i t y .  He p o s tu l a t e d  
t h a t  th e  l a r g e  am ounts o f  e th y le n e  w h ich  o c c u r  a t  o r  n e a r  th e  c l i m a c t e r i c  
p eak  may s e r v e  f u n c t io n s  o t h e r  th a n  j u s t  b e in g  a  b y - p ro d u c t  o f  r i p e n i n g .  
He n o te d  t h a t  v e ry  o f t e n  f r u i t  c o l o r a t i o n  and  s o f t e n i n g  c o in c id e  p r e ­
c i s e l y  w i th  th e  p e r io d  o f  maximum e th y le n e  p r o d u c t io n .
A c c o rd in g  to  Burg and  B urg (1 3 ) e th y le n e  i s  a lw ay s  p r e s e n t  w i th i n  
a  f r u i t  p r i o r  to  th e  r e s p i r a t o r y  c l i m a c t e r i c .  The r e s u l t s  o f  t h e i r  s tu d y  
s u b s t a n t i a t e d  th e  th e o ry  t h a t  e th y le n e  a c t s  a s  a  r ip e n i n g  h o rm one. They 
f u r t h e r  s u g g e s te d  t h a t  th e  t h r e s h o ld  f o r  e th y le n e  a c t i o n  i s  in f lu e n c e d  
by th e  c o m p o s i tio n  o f  th e  a tm o s p h e r ic  g a s e s .
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S tu d ie s  by B urg and  B urg  (12 ) o f  s e v e r a l  k in d s  o f  f r u i t  In  
c lo s e d  cham bers i n d i c a t e d  t h a t  an  e q u i l i b r a t i o n  o f  th e  e th y le n e  c o n te n t  
o f  th e  i n t e r n a l  t i s s u e s  w i th  t h a t  o f  th e  cham ber a tm o sp h e re  o c c u r r e d  
w i th i n  1 h o u r .  H ie m a g n itu d e  o f  th e  d i f f e r e n c e s  be tw een  th e  i n t e r n a l  
e th y le n e  c o n c e n t r a t i o n s  o f  a  f r u i t  and  th e  e th y le n e  c o n c e n t r a t i o n  o f  
i t s  im m ed ia te  e n v iro n m e n t i s  d e te rm in e d  m a in ly  by  th e  r a t e  o f  g a se o u s  
p r o d u c t io n  and  th e  g eom etry  and  s t r u c t u r e  o f  th e  t i s s u e .
E f f e c t s  o f  E th ephon  on P e p p e rs  and  O th e r  S e le c te d  C rops
E th e p h o n , 2 - c h lo r o e th y lp h o s p h o n ic  a c i d ,  was f i r s t  r e p o r t e d  in  
1946 by th e  R u s s ia n s ,  K ab ach n ik  and  R o s s i l s k a y a .  The a c id  i s  a  h y g ro ­
s c o p ic  w h i te  c r y s t a l l i n e  m a t e r i a l  w i th  a  m e l t in g  p o in t  o f  74 to  75 
d e g re e s  C. and  a  m o le c u la r  w e ig h t  o f  1 4 4 .5 . I t  i s  h ig h l y  s o lu b le  in  
w a te r  and  p o la r  s o lv e n t s  b u t  o n ly  s l i g h t l y  s o lu b le  i n  n o n - p o la r  s o l v e n t s .  
I t  i s  s t a b l e  in  aq u eo u s  s o l u t i o n s  be lo w  a  pH o f  3 .5  b u t  a s  th e  pH r i s e s  
ab o v e  t h i s  p o i n t ,  d i s i n t e g r a t i o n  o f  th e  m o le c u le  o c c u r s  r e l e a s i n g  f r e e  
e th y le n e  g a s  and c h l o r i d e  and  p h o s p h a te  io n s .  An Im p o r ta n t  f a c t  in  th e  
r e p o r t  by W arner and L eopo ld  (44 ) i s  t h a t  in  b u f f e r e d  s o l u t i o n s ,  e th y ­
le n e  g a s  r e s u l t i n g  from  th e  d e g r a d a t io n  o f  e th e p h o n  i s  e v o lv e d  in  a  
l i n e a r  f a s h io n  f o r  th e  f i r s t  7 h o u r s .  In  th e  same r e p o r t  e v id e n c e  was 
p r e s e n te d  to  show t h a t  e th e p h o n  i s  a lm o s t  c o m p le te ly  c o n v e r te d  to  e th y ­
le n e ,  th e  c h l o r i d e  io n  and  p h o sp h o n a te  in  th e  p r e s e n c e  o f  a  b a s e .
The d a t a  p r e s e n te d  by  W arner and  L eo p o ld  (44 ) p ro v id e  no i n d i c a ­
t i o n s  o f  an  optim um  pH f o r  e th y le n e  e v o lu t io n  r e s u l t i n g  from  th e  b r e a k ­
down o f  e th e p h o n , b u t  d o es  show in c r e a s e d  e th y le n e  e v o lu t io n  w ith  
I n c r e a s e d  pH. No e th y le n e  e v o lu t io n  was d e t e c t e d  below  a  pH o f  5 .0 ;
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h o w e v e r, in  e t h e p h o n - t r e a t e d  l e a v e s ,  c o n s id e r a b ly  m ore e th y le n e  was 
p ro d u c e d  by t i s s u e s  o f  pH 4 .6  th a n  by s i m i l a r  t i s s u e s  o f  pH 4 . 0 .
W arner and  L eo p o ld  (43 ) h a v e  s u g g e s te d  t h a t  th e  r e g u l a t i o n  o f  
g row th  by e th e p h o n  i s  a c h ie v e d  th ro u g h  th e  s t i m u l a t i o n  o f  e th y le n e  
p r o d u c t io n .  The c o n c lu s io n  draw n by R usso e£  aJL (39 ) i s  t h a t  e th e p h o n  
i s  j u s t  a s  e f f e c t i v e  a s  e th y le n e  g a s  in  r i p e n i n g  b a n a n a s . E d g e r to n  
and  B la n p ie d  (1 9 ) h a v e  s u g g e s te d  t h a t  s in c e  e th e p h o n  i s  d e p e n d e n t upon 
pH f o r  c o n v e r s io n  to  e t h y le n e ,  th e  r e s p o n s e  o f  d i f f e r e n t  b i o l o g i c a l  
sy s te m s  to  t h i s  m a t e r i a l  w ould  v a ry  d e p e n d in g  upon  th e  r a t e  o f  decom ­
p o s i t i o n  o f  th e  c a p t i v e  m o le c u le s .
I t  h a s  b e e n  r e p o r te d  t h a t  c e r t a i n  b e n e f i t s  a r e  d e r iv e d  from  th e  
u s e  o f  e th e p h o n  su ch  a s  in c r e a s e d  c o l o r ,  Im proved u n i f o r m i ty  o f  f r u i t  
r i p e n i n g  and  th e  a b s c i s s i o n  o f  f r u i t s .  H ow ever, t h e r e  h a v e  a l s o  b een  
some a d v e r s e  e f f e c t s  a t t r i b u t e d  to  th e  u s e  o f  t h i s  com pound. Such 
th in g s  a s  f r u i t  s u n b u rn , p re -m a tu re  lo s s  o f  f o l i a g e ,  and  a b s c i s s i o n  
o f  b lo sso m s and  young f r u i t s  can  b e  in c lu d e d  in  th e  l a t t e r  c a te g o r y .
A b s c is s io n
P a le v l t c h  ( 3 6 ) ,  in  an  I s r a e l i  s tu d y ,  i n d i c a t e d  t h a t  no a d d i ­
t i o n a l  d e f o l i a t i o n  o f  p e p p e rs  o c c u r s  beyond t h a t  o b ta in e d  a t  th e  4000 
ppm l e v e l ,  t h a t  e th e p h o n  p ro m o tes  a b s c i s s i o n  b e tw een  f r u i t  and  p e d u n c le ,  
an d  t h a t  m ore f r u i t  d ro p  r e s u l t s  ( a f t e r  shak ing) i f  th e  p l a n t s  a r e  s p ra y e d  
iriien th e  f r u i t s  a r e  show ing  c o l o r .  B re n d le r  (8 )  r e p o r te d  t h a t  e th e p h o n  
I n c r e a s e d  d ry  w eig jh t and  e a r l i n e s s  and  p rom oted  a b s c i s s i o n  o f  b o th  
le a v e s  and  f r u i t s  o f  c h i l i  p e p p e rs  in  C a l i f o r n i a .  He f u r t h e r  found  
t h a t  e th e p h o n  c a u s e d  a b s c i s s i o n  l a y e r  f o rm a t io n  a t  r a t e s  o f  2400 ppm
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an d  s l i g h t l y  l e s s ,  b u t  t h a t  th e  f r u i t s  d id  n o t  n e c e s s a r i l y  d r o p .  F o l i ­
ag e  a b s c i s s i o n ,  on th e  o th e r  h a n d , in c r e a s e d  in  s e v e r i t y  w i th  i n c r e a s ­
in g  c o n c e n t r a t i o n s  o f  e th e p h o n . In  a n o th e r  s tu d y  B r e n d le r  (9 ) o b s e rv e d  
t h a t  th e  am ount o f  f r u i t  d ro p  o f  C a l i f o r n i a  c h i l l  p e p p e rs  was n o t  w e l l  
c o r r e l a t e d  w i th  e i t h e r  th e  am ount o f  e th e p h o n  a p p l ie d  o r  th e  tim e  o f  
a p p l i c a t i o n .  W ith  M ex ican  c h i l i  p e p p e rs  h e  found  t h a t  f o l i a g e  a b s c i s ­
s io n  in c r e a s e d  w i th  e th e p h o n  c o n c e n t r a t i o n  and  w ith  l a t e n e s s  o f  a p p l i ­
c a t i o n .  Sim s e t  a l .  (42 ) o b ta in e d  c o m p le te  d e f o l i a t i o n  and  f r u i t  
a b s c i s s i o n  in  5 d ay s  on C a l i f o r n i a  c h i l i  p e p p e rs  u s in g  e th e p h o n  in  
c o n c e n t r a t i o n s  o f  250 and  500 ppm.
C o lo r
B r e n d le r  (9 )  r e c o rd e d  in c r e a s e d  c o l o r  in  C a l i f o r n i a  c h i l i  p e p ­
p e r s  when p l a n t s  w ere  t r e a t e d  w ith  0 .6 4  o r  1 .0 7  pounds p e r  a c r e  e th e th o n  
and  h a r v e s te d  in  43 d a y s ,  b u t  no c o l o r  i n c r e a s e  was o b s e rv e d  in  s i m i l a r  
p e p p e rs  d u r in g  s h o r t e r  p e r io d s .  He d id  f in d  e th e p h o n  to  b e  v e r y  e f f e c ­
t i v e  in  h a s t e n i n g  r i p e n i n g  o f  M exican  c h i l i  p e p p e rs  i f  a p p l ie d  to  
p l a n t s  td i ic h  h ad  45 to  937, o f  th e  f r u i t s  show ing  c o l o r .  Sim s ejt a l .
(4 2 ) r e p o r te d  t h a t  f o r  ea c h  in c r e a s e  in  th e  c o n c e n t r a t i o n  o f  e th e p h o n , 
t h e r e  was a  c o r r e s p o n d in g  d e c r e a s e  in  p e r c e n ta g e  o f  g re e n  f r u i t  o f  b o th  
p im le n to  an d  c h i l i  p e p p e r s ,  b u t  t o t a l  y i e l d s  w ere  n o t  a f f e c t e d .
P o s t - h a r v e s t  T re a tm e n ts
Lockwood and  V in es  (31 ) found  t h a t  e th e p h o n  a s  a  p o s t - h a r v e s t  
d ip  was i n e f f e c t i v e  in  c o l o r i n g  g re e n  p im le n to  p e p p e r s ,  b u t  w h ere  c o l o r  
ch an g e  h ad  a l r e a d y  b een  i n i t i a t e d ,  t r e a t e d  f r u i t s  w ere  o f  b e t t e r  c o l o r  
th a n  c o n t r o l s .  T h ese  a u th o r s  a l s o  found  e th y le n e  g a s ,  a s  a  c o n t in u o u s
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f lo w , to  b e  somevrtiat i n h i b i t o r y  to  c h lo r o p h y l l  d e g r a d a t io n  when com­
p a re d  to  c o n t r o l s .  In  a  p o s t - h a r v e s t  s tu d y  by W h ite  je t a l .  (45 ) 
f r u i t s  o f  C ayenne and  T ab asco  c u l t i v a r s  d e m o n s tra te d  a  c l i m a c t e r i c  
r i s e  in  r e s p i r a t i o n  w h i le  th o s e  o f  S p o r t  and  G r e e n le a f  c u l t i v a r s  
showed o n ly  a  s te a d y  d e c l i n e  in  c a rb o n  d io x id e  p r o d u c t io n  d u r in g  
r i p e n i n g .  E th ep h o n  w as e f f e c t i v e  i n  I n c r e a s in g  th e  r i p e n i n g  r a t e  
o f  Cayenne and  S p o r t  f r u i t s  in  s t o r a g e ,  b u t  i t s  e f f e c t  on r ip e n in g  
T ab asco  and  G r e e n le a f  and  a  h y b r id  was e r r a t i c  and  in c o n c lu s iv e .
P ig m e n ts  o f  P e p p e rs
C holnoky (1 5 ) f i r s t  r e p o r te d  t h a t  c a p s a n th in  and  c a p s o ru b in  
w ere  m a jo r  p ig m e n ts  o f  th e  H u n g a r ia n  p a p r ik a  p e p p e r .  S h u s te r  and  
L o c k h a r t  (4 1 ) i d e n t i f i e d  7 c a r o t e n o ld  p ig m e n ts  t h a t  c o n t r i b u t e d  to  
th e  c o l o r  o f  p a p r ik a  p e p p e r s .  C a p s a n th in  and  c a p s o ru b in  w ere  p r im a r ­
i l y  r e s p o n s ib l e  f o r  th e  b r i g h t  re d  c o l o r  o f  p a p r ik a  w ith  th e  fo rm e r 
m a t e r i a l  p re d o m in a tin g  q u a n t i t a t i v e l y .  They a l s o  s t a t e d  t h a t  th e  
c o l o r  p ro d u c e d  by th e s e  2 p ig m e n ts  was 10 tim e s  g r e a t e r  th a n  t h a t  o f  
th e  y e l lo w  p ig m e n ts  t h a t  w ere  p r e s e n t .
C u r l (1 6 ) s tu d ie d  c a r o t e n o ld s  in  re d  b e l l  p e p p e rs  and  r e p o r te d  
t h a t  c a p s a n th in  a c c o u n te d  f o r  a b o u t 35% o f  t h e  t o t a l .  B -c a ro te n e  and  
v lo l a x a n th l n  am ounted  to  a b o u t  10% each  w h i le  c r y p to x a n th ln  and  c a p s o ­
r u b in  ra n  a b o u t  6% e a c h , and  c r y p to c a p s in  was a b o u t 4%. Numerous o th e r  
c a r o t e n o ld s  w ere  found  in  q u a n t i t i e s  o f  2% o r  l e s s ,  in c lu d in g  a t  l e a s t  
8 p r e v io u s ly  u n d e s c r ib e d  and  2 o th e r s  n o t  found  b e f o r e  i n  n a t u r e .  A l l  
10 o f  th e s e  p ig m e n ts  a p p e a re d  to  c o n t a in  c y c lo p e n ta n e  r i n g s  a s  d o es
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c a p s a n t h in ,  c a p s o r u b in ,  and  a p p a r e n t ly  c r y p to c a p s ln .  B e s id e s  c a p s a n ­
th i n  and  c a p s o r u b in ,  5 o t h e r  c o n s t i t u e n t s  w ere  found  to  c o n ta in  k e to  
g r o u p s .
Love (29 ) In  a  s tu d y  o f  p ig m e n ts  In  h o t  p e p p e rs  found  t h a t  g en ­
e r a l l y  th e  c u l t i v a r s  o f  C apsleum  annuum c o n ta in e d  f a r  m ore c a r o te n o ld  
p ig m e n ts  th a n  th o s e  o f  C apsleum  f r u t e s c e n s . From a  100 gram  sam ple  o f  
f r e e z e - d r l e d  T ab asco  f r u i t  t i s s u e ,  h e  o b ta in e d  155 mg o f  c a r o te n o ld  p ig ­
m e n ts .  Of th e  a p p ro x im a te ly  20 c a r o t e n o ld  p ig m en ts  ho found  In  h o t  
p e p p e r s ,  c a p s a n th in  was th e  m o st a b u n d a n t In  eac h  c u l t l v a r  and  a c c o u n te d  
f o r  a ro u n d  35 to  40% o f  th e  t o t a l  c a r o t e n o l d s .  B e ta - c a r o te n e  was a n o th e r  
m a jo r  p ig m en t r e g u l a r l y  fo u n d .
S c h a n d e r l  and  Lynn (40) s tu d i e d  H u n g a ria n  Y ello w  Wax p e p p e rs  (C. 
f r u t e s c e n s )  a t  5 s t a g e s  o f  d e v e lo p m e n t and  found  c h l o r o p h y l l  a ,  c h l o r o ­
p h y l l  b ,  and  5 p in k  f l o r e s c e n t  com pounds to  be  p r e s e n t  a t  d i f f e r e n t  
s t a g e s  o f  th e  Im m ature f r u i t .  T h ese  d is a p p e a r e d  a s  th e  f r u i t  becam e 
m ore f u l l y  m a tu re .
A c c o rd in g  to  B onner and V a rn e r  ( 7 ) ,  th e  c a r o t e n e  c o n te n t  o f  r e d  
p e p p e rs  I s  m ore th a n  30 tim e s  g r e a t e r  th a n  t h a t  found  in  g re e n  p e p p e r s .  
I n v e s t i g a t i o n  o f  p ig m en t b i o s y n th e s i s  In  s e v e r a l  o rn a m e n ta l p e p p e rs  (£ .  
annuum) by  D av ie s  et: aJL. (17 ) r e v e a le d  t h a t  a  5 - f o ld  in c r e a s e  in  th e  
p e r c e n ta g e  o f  c a r o t e n o ld s  o c c u r r e d  In  y e l lo w  and  o ra n g e  f r u i t e d  v a r i e ­
t i e s  d u r in g  r ip e n i n g ,  b u t  i n  r e d  f r u i t e d  v a r i e t i e s ,  t h i s  I n c r e a s e  ex ­
c e e d e d  100 f o l d .  In  th e  l a t t e r ,  a  c o n c e n t r a t i o n  o f  85 mg o f  c a r o te n o ld s  
p e r  100 gram s o f  f r e s h  t i s s u e s  was o b ta in e d  In  th e  f u l l y - r i p e n e d  f r u i t .
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S to ra g e  and  P r y in g
A c c o rd in g  to  L ea se  and  L ease  ( 2 7 ) ,  th e  s to r a g e  te m p e ra tu re  o f  
b o th  cay en n e  and  p a p r ik a  p e p p e rs  h a s  m ore e f f e c t  on t h e i r  c o l o r  s t a b i l ­
i t y  th a n  l i g h t ,  k in d  o f  c o n t a i n e r ,  o r  w h e th e r  th e  p e p p e rs  a r e  s to r e d  a s  
w h o le  pods o r  g ro u n d . They a l s o  o b s e rv e d  t h a t  cay en n e  p e p p e rs  w h ich  
a r e  p e r m i t t e d  to  r ip e n  and  d ry  on th e  p l a n t  h a v e  b e t t e r  I n i t i a l  c o l o r  
and  b e t t e r  c o l o r  r e t e n t i o n  th a n  pods p ic k e d  when f u l l y  r i p e  b u t  s t i l l  
s u c c u le n t .  L ease  and  L ea se  (2 8 ) l a t e r  c o n c lu d e d  t h a t  th e  d r y in g  o r  c u r in g  
o f  s l i c e d  pods o f  th e  C a r o l in a  H o t r e d  p e p p e r  v a r i e t y  a t  150 d e g re e s  F . 
i s  optim um  f o r  q u a l i t y .  BHA, a n  a n t i - o x l d a n t ,  Im proved th e  c o l o r  r e ­
t e n t i o n  o f  b o th  c u re d  and  f r e s h  p o d s . E x ten d ed  d r y in g  a t  te m p e ra tu re s  
o f  175 d e g re e s  F . p ro v e d  u n s a t i s f a c t o r y .  G r in d in g  th e  L o u is ia n a  S p o r t  
v a r i e t y  s low ed  I t s  c o l o r  l o s s  In  s t o r a g e .
Chen and G utsnanls (14 ) showed t h a t  th e  r e d u c t io n  o f  e x t r a c t a b l e
c o l o r  p ig m en ts  in  d d iy d r a te d  g round  c h i l i  p e p p e rs  d u r in g  s to r a g e  I s  an
a u t o - o x l d a t i v e  p r o c e s s .  They e s t a b l i s h e d  t h a t  In  an  a tm o sp h e re  c o n t a in ­
in g  oxygen c o l o r  d e t e r i o r a t i o n  v a r i e d  w i th  m o is tu r e  c o n te n t  and  w ith  
d i f f e r e n t  v a r i e t i e s .  They a l s o  r e p o r te d  t h a t  e th o x y q u ln  n o t  o n ly  
o f f e r e d  p r o t e c t i o n  a g a i n s t  c o l o r  d e t e r i o r a t i o n ,  b u t  a p p e a re d  to  im prove 
s u r f a c e  c o l o r  o f  s to r e d  p a p r ik a .
An i n t e n s i f i c a t i o n  o f  th e  c o l o r  e x t r a c t s  o f  C apsicum  s p i c e s  r e ­
s u l t e d  when th e s e  w ere  ex p o sed  to  r a d i a n t  e n e rg y , a c c o rd in g  to  M o ste r  
and  P r a t e r  ( 3 5 ) .
MATERIAL AMD METHODS
P l a n t  M a te r i a l
P l a n t s  u se d  in  t h i s  s tu d y  w ere  grown and  h a r v e s te d  a t  A very I s l a n d ,  
L o u is ia n a .  A very I s l a n d  I s  lo c a te d  In  th e  s o u th w e s te rn  p a r t  o f  th e  s t a t e  
w h ich  I s  w e ll-k n o w n  f o r  I t s  p ro d u c t io n  and  p r o c e s s in g  o f  h o t  p e p p e r s .
P l a n t s  w ere  se e d e d  In  l a t e  J a n u a ry  In  g re e n h o u s e s  and  t r a n s f e r r e d  
t o  p o ts  in  l a t e  F e b ru a ry  and  e a r l y  M arch . T r a n s p la n t in g  to  th e  f i e l d  was 
a c c o m p lish e d  in  l a t e  M arch and  e a r l y  A p r i l .  A c o m b in a tio n  o f  r e p e a te d  
t r a c t o r  c u l t i v a t i o n s  and  h an d  h o e in g  k e p t  th e  f i e l d  r e l a t i v e l y  f r e e  o f  
w eed s . I r r i g a t i o n  was u se d  to  su p p le m e n t n a t u r a l  r a i n f a l l .
T re a tm e n t w i th  E thephon
In  one e x p e r im e n t p l a n t s  w ere  s p ra y e d  w ith  6000 ppm e th ep h o n  a t  
v a r io u s  i n t e r v a l s  a f t e r  b lo sso m  o p e n in g . A sy s te m  o f  ta g g in g  th e  open 
f lo w e rs  was u se d  to  d e te rm in e  th e  num ber o f  d a y s  a f t e r  f lo w e r in g .  One 
h u n d red  p e p p e r  p l a n t s  w ere random ly s e l e c t e d  from  a  com m erc ia l p la n t in g  
o f  a p p ro x im a te ly  15 a c r e s .  Ten b lo sso m s on each  p l a n t  w ere  m arked w ith  
a  s m a ll  p a p e r  ta g  to  i n d i c a t e  th e  d a te  o f  ta g g in g .
T w e n ty - f iv e  each  o f  th e  ta g g e d  p l a n t s  w ere  s p ra y e d  w ith  6000 ppm 
e th e p h o n  a t  27 and  37 d ay s  a f t e r  f lo w e r in g .  L ik e w is e , th e  same num ber 
o f  p l a n t s  w ere  u se d  a s  c o n t r o l  sam p les  f o r  eac h  i n t e r v a l  a f t e r  f lo w e r ­
in g .  F r u i t s  w ere  h a r v e s te d  3 d ay s  a f t e r  t r e a tm e n t  f o r  l a b o r a to r y  a n a ly ­
s e s  (30  and  40 d ay s  a f t e r  t a g g in g ) .  T h is  p ro c e d u re  was r e p e a te d  3 tim e s  
d u r in g  th e  h a r v e s t  s e a s o n  ( J u ly  th ro u g h  O c to b e r)  to  re d u c e  s e a s o n a l  
v a r i a t i o n s .
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The re s p o n s e  o f  T ab asco  p e p p e rs  to  4 c o n c e n t r a t i o n s  o f  e th e p h o n , 
w i th  and  w i th o u t  a  s u r f a c t a n t ,  c o n s t i t u t e d  a  seco n d  p h a se  o f  t h i s  s tu d y .  
P l a n t s  w ere  s p ra y e d  w ith  0 ,  1000, 2000, 4000 o r  8000 ppm o f  e th e p h o n .
A seco n d  g ro u p  o f  p l a n t s  w ere  s p ra y e d  w ith  th e  same c o n c e n t r a t i o n s  o f  
e th e p h o n  w ith  a  s u r f a c t a n t  a d d e d . T ro n ic ,  a  n o n -fo a m in g  a d ju v a n t  d e ­
s ig n e d  f o r  u s e  w ith  h e r b i c i d e s ,  was ad d ed  a t  th e  r a t e  o f  1 ta b le s p o o n  
p e r  g a l lo n  o f  s p r a y  m ix tu r e .  T re a tm e n ts  w ere  a r r a n g e d  in  a  random ­
iz e d  c o m p le te  b lo c k  d e s ig n .
Gas E xchange
M easu rem en ts  w ere  made o f  c a rb o n  d io x id e  and  e th y le n e  ev o lv e d  
from  th e  p e p p e r  f r u i t s  h a r v e s te d  30 and  40 d ay s  a f t e r  f lo w e r in g .  Sam ples 
o f  f r u i t  w ere  p la c e d  in  a  1 - q u a r t  r e s p i r o m e te r  j a r  f o r  1 h o u r  a t  75°F . 
F iv e  c c  o f  g a s e s  w i th in  th e  r e s p i r o m e te r  w ere  rem oved by  i n j e c t i n g  a  
g a s - t i g h t  s y r in g e  ( P r e c i s io n  S am p lin g  C o rp .)  th ro u g h  a  ru b b e r  sep tum  
a t t a c h e d  to  th e  l i d  o f  ea c h  j a r .  C arbon d io x id e  was m easu red  on a  
Beckman GC-2A g as  ch ro m a to g rap h  by  i n j e c t i n g  1 c c  o f  th e  e x t r a c t e d  g a s e s .  
A s i m i l a r  m ethod was u se d  f o r  m e a su r in g  e th y le n e  e v o l u t io n .  One cc 
sam p le s  w ere  i n j e c t e d  i n t o  a  Beckman GC-M flam e  gas  c h ro m a to g ra p h . R es- 
p l r o m e te r  j a r s  w ere  opened  and a  seco n d  d e te r m in a t io n  was made o f  c a rb o n  
d io x id e  and  e th y le n e  e v o lu t io n  a f t e r  24 h o u r s .
P ig m en t A n a ly s is
S am ples o f  p e p p e rs  w ere  a n a ly z e d  f o r  c a p s a n th in  and  b e t a - c a r o t e n e ,  
th e  m a jo r  p ig m e n ts  o f  h o t  p e p p e r .  In  th e  f i r s t  e x p e r im e n t c o n c e rn e d  
w i th  th e  e f f e c t  o f  e th e p h o n  on p e p p e r  f r u i t  o f  d i f f e r e n t  a g e s ,  p e p p e rs
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w ere a n a ly z e d  a t  h a r v e s t  and  a f t e r  4 d ay s s to r a g e  a t  75°F . W here d i f ­
f e r e n t  c o n c e n t r a t i o n s  o f  e th e p h o n  and a  s u r f a c t a n t  w ere  u s e d ,  p e p p e rs  
w ere  f ro z e n  a t  th e  end o f  th e  4 days s to r a g e  and  a n a ly s e s  w ere  begun 
a  w eek l a t e r .
F iv e  gram  sam p le s  w ere  e x t r a c t e d  f o r  4 m in u te s  w ith  a  h ig h  sp eed  
V l r t i s  h o m o g e n iz e r  u s in g  a  s o lv e n t  com posed o f  h e x a n e , a c e to n e ,  e th a n o l  
and  to lu e n e  in  a  1 0 :7 :6 :7  r a t i o  ( 3 8 ) .  An i c e  w a te r  b a th  was u se d  to  
k eep  th e  e x t r a c t i n g  s o l u t i o n  c o o l d u r in g  h o m o g e n iz a t io n . The homogen­
iz e d  t i s s u e  w as t r a n s f e r r e d  to  a  250 ml E rle n m e y e r  f l a s k  w here  th e  b a l ­
a n c e  o f  th e  100 ml o f  s o l v e n t  was ad d ed  b e f o r e  p la c in g  th e  f l a s k  in  th e  
d a rk  f o r  a p p ro x im a te ly  16 h o u r s .  A f t e r  f i l t e r i n g ,  th e  e x t r a c t i n g  s o l ­
v e n t  was m ixed w ith  d i s t i l l e d  w a te r  in  a  s e p a r a t o r y  f u n n e l .  The s o lv e n t  
p h a se  c o n ta in in g  th e  p ig m e n ts  was r e tu r n e d  to  a  200 ml v o lu m e tr ic  f l a s k  
and b ro u g h t up to  v o lum e. A 20 ml a l i q u o t  was rem oved and e v a p o ra te d  
to  d ry n e s s  u s in g  a  warm w a te r  b a th  and  a  f lo w  o f  n i t r o g e n  g a s .  A f t e r  
d r y in g ,  th e  r e s id u e  was d i s s o lv e d  in  1 ml o f  th e  o r i g i n a l  s o l v e n t .
From ea c h  c o n c e n t r a te d  a l i q u o t  100 u l  w ere  t r a n s f e r r e d  to  th e  
lo w e r l e f t  c o r n e r  o f  t h i n - l a y e r  c h ro m a to g ra p h ic  p l a t e s  ( S i l i c a  G e l-G ) . 
The p l a t e s  w ere  d e v e lo p e d  f i r s t  w ith  a  m e th y l d i c h l o r i d e - e t h y l  a c e t a t e  
s o lv e n t  ( 8 0 :2 0 ) ,  r o t a t e d  90 d e g r e e s ,  and d e v e lo p e d  f o r  th e  seco n d  tim e  
in  a  p e tro le u m  e th e r - b e n z e n e  s o lv e n t  ( 9 0 :1 0 ) .  B e ta - c a r o te n e  and  c a p s a n ­
th i n  w ere  s c ra p e d  s e p a r a t e l y  from  th e  p l a t e s ,  r e d i s s o lv e d  in  10 ml o f  
th e  o r i g i n a l  s o lv e n t  and  f i l t e r e d  th ro u g h  R eev e-A n g e l g ra d e  201 f i l t e r  
p a p e r .  O p t i c a l  d e n s i t i e s  w ere  d e te rm in e d  w ith  a  T u rn e r  s p e c tr o p h o ­
to m e te r  a t  a  w a v e le n g th  o f  456 mu f o r  b e t a - c a r o t e n e  and  470 mu f o r  
c a p s a n th in .
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D ry W eigh t
D ry w e ig h t a n a ly s e s  w ere  made Im m e d ia te ly  a f t e r  h a r v e s t i n g  th e  
f r u i t .  Ten gram  sam p les  o f  f r u i t  w ere  w eig h ed  w ith  a  to p - lo a d in g  M e t t l e r  
b a la n c e  and  d r i e d  f o r  24 h o u r s  a t  79°C . in  a  f o r c e d - a i r  o v e n . Sam ples 
w ere  rem oved from  th e  o v e n , c o o le d ,  and  w eig h ed  im m e d ia te ly .
M ethods o f  S t a t i s t i c a l  A n a ly s is
F a c t o r i a l  e x p e r im e n ts  w ere  u se d  th ro u g h o u t th e  s tu d y  and d a ta  
w ere  a n a ly z e d  by th e  a n a l y s i s  o f  v a r i a n c e  m e th o d . Means w ere  com pared 
u s in g  i n d i v id u a l  d e g re e  o f  freed o m  c o m p a riso n s  w ith  an  "F " t e s t  to  d e ­
n o te  s i g n i f i c a n c e .
RESULTS AND DISCUSSION
A s tu d y  was c o n d u c te d  to  d e te rm in e  th e  e f f e c t s  o f  e th e p h o n  on 
r ip e n in g  o f  T ab asco  p e p p e r s .  O b s e rv a t io n s  o f  l e a f ,  f lo w e r  and  pod 
a b s c i s s i o n  an d  c o l o r  ch an g e s  o f  th e  f r u i t  w ere  made d u r in g  r ip e n i n g .
E f f e c t s  o f  E th ephon  on A b s c is s io n
T a b le s  I  and  I I  i l l u s t r a t e  th e  e f f e c t s  o f  e th e p h o n  on th e  a b s c i s ­
s io n  o f  l e a v e s ,  f lo w e rs  and  f r u i t s  o f  T ab asco  p e p p e r s .  A b s c is s io n  o f  
a l l  p l a n t  p a r t s  was m ore p ro n o u n ced  a t  th e  h i g h e r  l e v e l s  o f  th e  t r e a t ­
m e n t. In  a d d i t i o n ,  th e  e f f e c t s  o f  e th e p h o n  w ere  in c r e a s e d  by a d d in g  a  
s u r f a c t a n t .  O th e r  r e s e a r c h e r s  ( 8 ,  2 0 , 2 6 , 3 0 , 3 7 , 43) h a v e  r e p o r te d  
a b s c i s s i o n  o f  th e  v a r io u s  p a r t s  o f  p l a n t s  by e th e p h o n . E thephon  a p ­
p e a re d  to  a f f e c t  th e  a b s c i s s i o n  o f  f o l i a g e  and  f lo w e rs  o f  T ab asco  p e p ­
p e r s  to  a b o u t th e  same e x t e n t ,  b u t  d e g re e  o f  m a tu r i t y  seem ed to  be  a  
f a c t o r  In  pod a b s c i s s i o n .
E th ephon  (4 0 0 0 , 6000 , 8000 ppm) c a u se d  a  lo s s  o f  c h lo r o p h y l l  
from  th e  le a v e s  o f  T ab asco  p e p p e r s .  W ith in  3 d a y s ,  le a v e s  w ere  y e l lo w is h -  
g re e n  in  c o l o r .  T h is  c o l o r  ch an g e  in  f o l i a g e  was a l s o  n o te d  by K asm lre 
e t  a l . (2 6 ) who r e p o r te d  a  d i s c o l o r a t i o n  o f  c a n ta lo u p e  le a v e s  and  by 
Young (5 0 ) who o b s e rv e d  a  lo s s  o f  c h lo r o p h y l l  in  p eca n  le a v e s  a f t e r  
a p p l i c a t i o n s  o f  e th e p h o n .
L i t t l e  d e f o l i a t i o n  o r  rem o v a l o f  f lo w e rs  r e s u l t e d  from  t r e a tm e n ts  
o f  1000 o r  2000 ppm e th e p h o n  on T ab asco  p e p p e r s .  When c o n c e n t r a t i o n s  
w ere  r a i s e d  to  4000  o r  8000 ppm, eac h  I n c r e a s e  in  c o n c e n t r a t i o n  p ro d u ced
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T a b le  I .  E f f e c t  o f  E thep h o n  on A b s c i s s i o n  o f  L e a v e s ,  F lo w ers  and 
F r u i t s  o f  T abasco  P e p p e r s
P l a n t  P a r t E thep h o n  C o n c e n t r a t i o n (ppm)
A b s c i s s e d 1000 2000 4000 8000
L eaves A A AA AAA
F lo w e rs A A AA AAA
F r u i t s A AA1 AAA1 AAA1
A -  l i t t l e  a b s c i s s i o n
AA -  m o d e ra te  a b s c i s s i o n
AAA -  m o d e r a te ly  s e v e r e  a b s c i s s i o n
^ I n c lu d e s  r i p e  and  u n r i p e  pods
T a b le  I I .  E f f e c t  o f  E th ep h o n  and  a  S u r f a c t a n t  on A b s c i s s i o n  o f  
L e a v e s ,  F lo w ers  and  F r u i t s  o f  T abasco  P e p p e r s
P l a n t  P a r t  E thephon  C o n c e n t r a t i o n  (ppm)
A b s c i s s e d 1000 2000 4000 8000
L eaves A AAA AAAA AAAA
F lo w e rs A AAA AAAA AAAA
F r u i t s AA1 AAA1 AAAA1 AAAA
A -  l i t t l e  a b s c i s s i o n
AA -  m o d e ra te  a b s c i s s i o n
AAA -  m o d e ra te ly  s e v e r e  a b s c i s s i o n
AAAA- s e v e r e  a b s c i s s i o n
^ I n c lu d e s  r i p e  and  u n r i p e  pods
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a  s m a l l  a d d i t i o n a l  I n c r e a s e  i n  a b s c i s s i o n  (T a b le  I ) .  T hese  r e s u l t s  
c l o s e l y  a g r e e  w i th  B r e n d l e r  ( 8 ,  9) who found  t h a t  f o l i a r  a b s c i s s i o n  o f  
P im ie n to  and  M exican  C h i l i  p e p p e r s  i n c r e a s e d  w i th  i n c r e a s i n g  c o n c e n t r a ­
t i o n s  o f  e th e p h o n .  Love o t  a l .  (30) r e p o r t e d  c o m p le te  a b s c i s s i o n  o f  
T ab asco  p e p p e r  f o l i a g e  a f t e r  t r e a t m e n t  w i t h  9000 ppm e th e p h o n .
T ab a sc o  p e p p e r s  a r e  a p p a r e n t l y  l e s s  s e n s i t i v e  to  e th e p h o n  th an  
th e  C a l i f o r n i a  C h i l i  v a r i e t y  s t u d i e d  by  Sims e t  a l .  ( 4 3 ) .  They r e ­
p o r t e d  c o m p le te  d e f o l i a t i o n  by c o n c e n t r a t i o n s  o f  250 and  500 ppm. How­
e v e r ,  r e s p o n s e s  to  e th e p h o n  o b s e rv e d  i n  t h e  p r e s e n t  s t u d y  may h a v e  b een  
m o d i f i e d  by  p o s t - t r e a t m e n t  r a i n s .  I n  an  e x p e r im e n t  w i th  a p p l e s ,  E d g e r to n  
and  G re e n h a lg h  (20)  found  t h a t  1000 o r  2000 ppm e th e p h o n  e l i m i n a t e d  m ost 
f r u i t s  when a p p l i e d  from  p re -b lo o m  to  p o s t - b lo o m ,  b u t  p ro d u c e d  l i t t l e  
o r  no  p h y t o t o x i c i t y .
T a b le  I I  shows t h a t  a  s u r f a c t a n t  i n c r e a s e d  th e  e f f e c t s  o f  e t h e ­
p h o n . The s m a l l  d e g r e e  o f  a b s c i s s i o n  o f  f o l i a g e  and f lo w e r s  c a u s e d  by 
1000 ppm e th e p h o n  u s e d  w i t h  a  s u r f a c t a n t  c l o s e l y  re s e m b le d  t h a t  o f  2000 
ppm e th e p h o n  u s e d  a l o n e .  W ith  a  s u r f a c t a n t  a d d e d ,  2000 ppm e th e p h o n  was 
f u l l y  a s  e f f e c t i v e  i n  rem oving  b o th  f o l i a g e  and  b lo sso m s  a s  8000 ppm 
w i t h o u t  t h e  s u r f a c t a n t .  A p p a r e n t ly  t h e  a d d i t i o n  o f  a  s u r f a c t a n t  r e s u l t e d  
i n  a n  i n c r e a s e d  u p ta k e  o f  e th e p h o n  by  th e  l e a v e s .  Few s p e c i f i c  a c c o u n t s  
o f  th e  u s e  o f  e th e p h o n  w i th  a  s u r f a c t a n t  h a v e  been  r e p o r t e d  in  t h e  l i t e r ­
a t u r e  .
F r u i t  a b s c i s s i o n  a l s o  I n c r e a s e d  w i th  t h e  h i g h e r  c o n c e n t r a t i o n s  
o f  e th e p h o n  and by  th e  a d d i t i o n  o f  a  s u r f a c t a n t  (T a b le s  I  and  I I ) . Pod 
a b s c i s s i o n  was g r e a t e s t  a f t e r  t r e a t m e n t  w i th  4000 and  8000 ppm e th e p h o n
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and  w i th  a  s u r f a c t a n t  a d d e d .  B r e n d l e r  (8) o b s e rv e d  a n  i n c r e a s e  in  
f r u i t  d ro p  on c h i l i  p e p p e r s  when e th e p h o n  was i n c r e a s e d  from  800 to  
2400 ppm. H owever, i n  a  com panion  s tu d y  w i th  p im ie n to  p e p p e r s ,  h e  was 
u n a b l e  t o  c o r r e l a t e  f r u i t  d ro p  w i th  e th e p h o n  c o n c e n t r a t i o n .  He d i d  
f i n d  i n  th e  p im ie n t o  s tu d y  t h a t  a b s c i s s i o n  l a y e r  f o r m a t io n  h ad  o c c u r r e d  
ev en  though  f r u i t s  d id  n o t  d r o p .
A p p l i c a t i o n s  a t  t h e  h i g h e r  l e v e l s  o f  c o n c e n t r a t i o n  r e s u l t e d  in  
t h e  a b s c i s s i o n  o f  b o th  im m ature  and m a tu re  f r u i t .  On t h e  o t h e r  h a n d ,  
t r e a t m e n t  w i th  1000 ppm e th e p h o n  and  a  s u r f a c t a n t  c a u s e d  th e  a b s c i s s i o n  
p r i m a r i l y  o f  th e  m a tu re  f r u i t  ( F ig u r e  1 ) .  A p p l i c a t i o n s  o f  2000 ppm 
e th e p h o n  w i t h o u t  a  s u r f a c t a n t  a p p e a re d  to  g iv e  a b o u t  t h e  same r e s u l t s  
a s  t h e  l a t t e r  t r e a t m e n t .
I n  T ab a sc o  p e p p e r  e th e p h o n  c a u s e d  th e  f o r m a t io n  o f  th e  a b s c i s ­
s i o n  l a y e r  a t  t h e  a t t a c h m e n t  o f  th e  f r u i t  s te m .  I n f r e q u e n t l y ,  th e  
a b s c i s s i o n  l a y e r  was form ed be tw een  f r u i t  and p e d u n c le  when p l a n t s  w ere  
t r e a t e d  w i th  1000 ppm e th e p h o n .  I h i s  f i n d i n g  i s  i n  a g re e m e n t  w i th  F o n te ­
n o t  (22) who o b t a i n e d  s i m i l a r  r e s u l t s  w i th  c a y e n n e  and  s p o r t  p e p p e r s .
I n  c o n t r a s t ,  P a l e v i t c h  (3 6 )  r e p o r t e d  t h a t  e th e p h o n  p rom oted  f o r m a t io n  
o f  an  a b s c i s s i o n  l a y e r  be tw een  th e  f r u i t  and  p e d u n c le  o f  V ln e d a le  p e p p e r  
p l a n t s .
A lth o u g h  th e  T ab a sc o  p l a n t s  s p r a y e d  w i th  t h e  h i g h e r  l e v e l s  o f  e t h e ­
phon w ere  c o m p le te ly  d e f o l i a t e d ,  g row th  o f  new l e a v e s  was e x t e n s i v e  and 
num erous f lo w e r s  w ere  o b v io u s  a f t e r  one m onth . T h e re  was no e v id e n c e  o f  
p h y t o t o x i c i t y  on new g ro w th .  P l a n t s  s p r a y e d  w i th  6000 ppm e th e p h o n  in  














F ig u r e  1. E f f e c t  o f  1000 ppm E thephon  Used w i th  a  S u r f a c t a n t  on 
A b s c i s s i o n  o f  T abasco  P e p p e r  F r u i t s  (3 days  a f t e r  
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E f f e c t s  o f  E th ep h o n  on Gas E xchange
E th ep h o n  (6000  ppm) a l t e r e d  th e  g a s  ex ch a n g e  o f  T abasco  p e p p e r s  
s h o r t l y  a f t e r  h a r v e s t .  G e n e r a l l y  e th e p h o n  c a u s e d  r e d u c t i o n s  i n  c a rb o n  
d i o x i d e  e v o l u t i o n  b u t  p rom oted  t h e  ex ch an g e  o f  e t h y l e n e .  Age o f  f r u i t  
a p p e a r e d  t o  b e  an  im p o r t a n t  f a c t o r  i n  r a t e  o f  g a s  exchange  o f  T abasco  
p e p p e r s  s i n c e  t h e  y o u n g e r  f r u i t  e x h i b i t e d  a  much h i g h e r  r e s p i r a t o r y  a c ­
t i v i t y .
R e s p i r a t o r y  a c t i v i t y  o f  t h e  y o u n g e r  f r u i t  ( h a r v e s t e d  a t  30 d a y s )  
was much h i g h e r  th a n  f r u i t  h a r v e s t e d  a t  4 0  d a y s  ( F i g u r e  2 ) .  T hese  d a t a  
i n d i c a t e  t h a t  t h e  o l d e r  f r u i t  w e re  beyond  th e  c l i m a c t e r i c  maximum o f  
r e s p i r a t o r y  a c t i v i t y .  E a r l i e r ,  W h ite  e t  a l .  (4 5 )  r e p o r t e d  a  d e c r e a s e  
i n  c a rb o n  d i o x i d e  e v o l u t i o n  by  r i p e  T ab a sc o  p e p p e r s .  T hese  r e s u l t s  
a g r e e  w i th  Howard and  Yamaguchl (2 4 )  who found  a  d e c r e a s e  i n  r e s p i r a ­
t i o n  r a t e  w i th  a d v a n c in g  m a t u r i t y  i n  C a l i f o r n i a  Wonder b e l l  p e p p e r s .  
Yamaguchl e t  a l .  (47 )  a l s o  r e p o r t e d  a  h i g h e r  m e t a b o l i c  r a t e  f o r  y o u n g e r  
f r u i t s  o f  S p a n is h  P a p r i k a  p e p p e r s .  T h e i r  i n v e s t i g a t i o n  r e v e a l e d  t h a t  5 
t o  6% o f  t h e  l a b e l e d  c a rb o n  ( f ro m  l a b e l e d  c a rb o n  d i o x i d e )  was i n c o r p o r ­
a t e d  i n t o  o r g a n i c  compounds in  m a tu r e - g r e e n  f r u i t s  w i t h i n  3 to  5 h o u r s  
com pared  t o  o n ly  1 t o  2% i n c o r p o r a t i o n  i n  r i p e  f r u i t s .
I n i t i a l l y ,  e th e p h o n  r e d u c e d  th e  r e s p i r a t o r y  a c t i v i t y  o f  T abasco  
p e p p e r s  h a r v e s t e d  30 and  40  d a y s  a f t e r  t a g g i n g .  H owever, t h i s  t r e n d  in  
c a r b o n  d i o x i d e  e v o l u t i o n  was r e v e r s e d  a f t e r  th e  f r u i t s  w ere  s t o r e d  f o r  
24 h o u r s  a t  75°F . I t  w ould  a p p e a r  t h a t  t h e  m e ta b o l i s m  o f  f r u i t  on th e  
p l a n t  d i f f e r e d  c o n s i d e r a b l y  from  th e  d e t a c h e d  f r u i t .  T h is  v a r i a t i o n  i n  























F ig u r e  2. E f f e c t  o f  E thephon  (6000 ppm) on Carbon D io x id e  E v o lu t io n  
o f  T ab asco  P e p p e rs
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b e tw ee n  f i e l d  c o n d i t i o n s  (90  -  9 5 ° F . )  and th e  lo w e r  t e m p e r a t u r e s  u s e d  
f o r  s t o r a g e  ( 7 5 ° F . ) . Such a  r e l a t i o n s h i p  be tw een  r e s p i r a t i o n  r a t e  and  
t e m p e r a t u r e  i s  common i n  p l a n t  m a t e r i a l s  and  h a s  been  m e n tio n e d  by 
B onner  and  V a rn e r  (7 )  i n  a  d i s c u s s i o n  o f  f r u i t  r i p e n i n g .  Hie movement 
o f  m e t a b o l i t e s  i n t o  a t t a c h e d  f r u i t s  may a l s o  h a v e  c o n t r i b u t e d  to  th e  
v a r i a t i o n  in  r e s p i r a t o r y  a c t i v i t y .
E th ep h o n  c a u s e d  an  i n c r e a s e  i n  e t h y l e n e  e v o l u t i o n  by T abasco  
p e p p e r s  vrfien t r e a t e d  a t  27 and 37 d ay s  a f t e r  f l o w e r in g  ( F ig u r e  3 ) .  How­
e v e r ,  t h e  e f f e c t  o f  e th e p h o n  was much g r e a t e r  on th e  y o u n g e r  f r u i t .
T h ese  f i n d i n g s  do n o t  a g r e e  w i th  Iw a h o r l  and  Lyons (25 ) who o b s e rv e d  
t h a t  e th e p h o n  f a i l e d  t o  i n c r e a s e  e t h y l e n e  e v o l u t i o n  from  to m a to e s  in  
t h e  b r e a k e r  s t a g e .  However, t h e i r  m easu rem en ts  w e re  n o t  i n i t i a t e d  
u n t i l  12  d a y s  a f t e r  t r e a t m e n t  com pared to  3 d ay s  i n  th e  p r e s e n t  s t u d y .
The p r o d u c t i o n  o f  e t h y l e n e  by t r e a t e d  f r u i t  was c o n s i d e r a b l y  
lo w er  a f t e r  t h e  f r u i t s  w ere  s t o r e d  f o r  24 h o u r s  a t  75°F . Flow o f  
e t h y l e n e  from u n t r e a t e d  f r u i t s  was r e l a t i v e l y  s t a b l e  a f t e r  one day 
s t o r a g e .  H ie h i g h e r  t e m p e r a t u r e s  e x i s t i n g  u n d e r  f i e l d  c o n d i t i o n s  may 
h av e  i n c r e a s e d  th e  e f f e c t i v e n e s s  o f  th e  e th e p h o n  t r e a t m e n t s .  Love e t  
a l . (3 0 )  h a v e  r e p o r t e d  t h a t  e th e p h o n  i s  t e m p e r a t u r e - s e n s i t i v e  f o r  m a x i­
mum a c t i v i t y .  B onner and  V a rn e r  (7 )  a l s o  h a v e  m e n tio n e d  t h a t  th e  e f f e c ­
t i v e n e s s  o f  a p p l i c a t i o n s  o f  e t h y l e n e  i n  a l t e r i n g  p h y s i o l o g i c a l  r e s p o n s e s  
in  f r u i t s  v a r i e s  w i th  th e  t e m p e r a t u r e .
The t r e n d  e s t a b l i s h e d  f o r  e t h y l e n e  e v o l u t i o n  on t h e  d ay  o f  h a r ­
v e s t  d i f f e r e d  c o n s i d e r a b l y  from  c a rb o n  d io x i d e  p r o d u c t i o n .  W hereas 




















F ig u re  3 .  E f f e c t  o f  E thephon  (6000 ppm) on E th y le n e  E v o lu t io n  
o f  T ab a sc o  P e p p e rs
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p ro d u c e d  by  th e  t r e a t e d  f r u i t  was r e d u c e d .  A f t e r  s t o r a g e  o f  t h e  f r u i t  
f o r  24 h o u r s  a t  7 5 ° F . , t h e  t r e a t e d  f r u i t  e v o lv e d  s l i g h t l y  l a r g e r  q u an ­
t i t i e s  o f  b o th  e t h y l e n e  and c a rb o n  d i o x i d e .  T hese  r e s u l t s  i l l u s t r a t e  
t h e  d i f f e r e n c e s  t h a t  m ig h t  o c c u r  when f r u i t s  a r e  a n a ly z e d  on th e  day  
o f  h a r v e s t  and  th e n  a g a i n  a f t e r  s t o r a g e  u n d e r  c o n t r o l l e d  c o n d i t i o n s  
f o r  a  g iv e n  p e r i o d  o f  t im e .  E v i d e n t l y  T abasco  p e p p e r s  u n d e rg o  a  change  
i n  m e t a b o l i c  a c t i v i t y  a f t e r  d e ta c h m e n t  and s t o r a g e  f o r  24 h o u r s .
The b e h a v i o r  o f  t h e  s t o r e d  f r u i t  ( e t h e p h o n - t r e a t e d )  w i th  r e s p e c t  
t o  g a s  ex ch a n g e  a g r e e s  w i t h  t h e  e a r l i e r  r e s u l t s  o f  B l a l e  (4) who t r e a t e d  
b an an a s  w i t h  e t h y l e n e .  I n c r e a s e s  i n  c a rb o n  d i o x i d e  e v o l u t i o n  w ere  f o l ­
lowed by  c o r r e s p o n d in g  i n c r e a s e s  i n  e t h y l e n e  p r o d u c t i o n .  The p eak  o f  
e t h y l e n e  e v o l u t i o n  fo l lo w e d  th e  c l i m a c t e r i c  maximum o f  r e s p i r a t o r y  
a c t i v i t y .
The d r a m a t i c  r e s p o n s e  o f  t h e  y o u n g e r  f r u i t  t o  c h e m ic a l  t r e a t m e n t  
a l s o  i n d i c a t e s  t h a t  p e p p e r s  h a r v e s t e d  a t  30 d a y s  a f t e r  f l o w e r in g  w ere  
in  th e  p r e - c l i m a c t e r i c  s t a g e  ( s i g n i f i c a n t  a t  th e  1% l e v e l ) .  O th e r  
f r u i t s  h a v e  shown a  s i m i l a r  r e s p o n s e  to  e t h y l e n e  t r e a t m e n t .  A c c o rd in g  
t o  B onner and  V a rn e r  ( 7 ) ,  c l i m a c t e r i c  f r u i t s  r e s p o n d  to  e t h y l e n e  o n ly  
i n  t h e  p r e - c l i m a c t e r i c  s t a g e s .
E f f e c t s  o f  E th ep h o n  on P ig m e n ts
E th ep h o n  s i g n i f i c a n t l y  im proved th e  c o l o r  o f  30 day  o ld  T ab asco  
p e p p e r s  ( F ig u r e  4 ) .  Im provem ent i n  c o l o r  was due  to  l a r g e  I n c r e a s e s  i n  
c a p s a n t h i n  and  b e t a - c a r o t e n e .  T h e re  was l i t t l e  o r  no  pod c o l o r  on th e  
d ay  o f  h a r v e s t  b u t  p ig m e n t  s y n t h e s i s  o c c u r r e d  d u r i n g  a  4 - d a y  s t o r a g e  
p e r i o d .  T hese  d a t a  i n d i c a t e  t h a t  s e v e r a l  d a y s  a r e  r e q u i r e d  f o r  c o l o r
Figure 4. Effect of Ethephon (6000 ppm) and Storage 














































d e v e lo p m e n t  even  a f t e r  t r e a t m e n t  w i th  e th e p h o n .  F u r th e r m o re ,  t h e s e  
f i n d i n g s  a p p e a r  to  p a r a l l e l  Sims £ t  a l .  (42) who r e p o r t e d  t h a t  C a l i ­
f o r n i a  c h i l l  p e p p e r s  d e v e lo p e d  a  r e d  c o l o r  8 d a y s  a f t e r  t r e a t m e n t  
w i th  e th e p h o n .
F ig u r e  5 shows t h a t  b o th  c a p s a n t h i n  and  b e t a - c a r o t e n e  w ere  
p r e s e n t  i n  40  day  o l d  T ab asco  p e p p e r s  i n d i c a t i n g  some c o l o r  d e v e l o p ­
m ent b e f o r e  h a r v e s t .  E thep h o n  im proved  pod c o l o r  on th e  day  o f  h a r v e s t  
b u t  a f t e r  4 d a y s  s t o r a g e ,  t h e r e  was l i t t l e  e f f e c t  on c o l o r  d e v e lo p m e n t .  
D u r in g  s t o r a g e  t h e r e  w ere  l a r g e  i n c r e a s e s  i n  t h e  c a r o t e n o i d  p ig m e n ts  
o f  t r e a t e d  and  u n t r e a t e d  f r u i t .  However, t h e  t r e a t e d  f r u i t  was s i g ­
n i f i c a n t l y  lo w e r  i n  b e t a - c a r o t e n e  th a n  c o n t r o l  s a m p le s .  M e re d i th  and 
P u r c e l l  (3 3 )  o b s e rv e d  a  s i m i l a r  t r e n d  i n  c a r o t e n o i d  s y n t h e s i s  d u r in g  
r i p e n i n g  o f  H om estead T om atoes .  A lp h a -  and  b e t a - c a r o t e n e  w ere  t h e  o n ly  
2 c a r o t e n o i d s  p r e s e n t  a t  th e  m a t u r e - g r e e n  s t a g e ;  t h e s e  i n c r e a s e d  t o  th e  
b r e a k e r  and l i g h t - r e d  s t a g e s ,  r e s p e c t i v e l y ,  th e n  d e c r e a s e d .
T h is  s tu d y  i n d i c a t e s  t h a t  e th e p h o n  im proves  c o l o r  by  i n i t i a t i n g  
c a r o t e n o i d  s y n t h e s i s  i n  im m ature  p e p p e r  f r u i t s .  Iw a h o r i  e_t a l .  (25) 
r e p o r t e d  a  s i m i l a r  r e s p o n s e  o f  to m a to e s  to  e th e p h o n .  F r u i t  t r e a t e d  
beyond th e  b r e a k e r  s t a g e  showed l i t t l e  o r  no  i n c r e a s e  i n  c o l o r  d e v e l o p ­
m en t.
In  a  s eco n d  e x p e r im e n t ,  p l a n t s  w ere  t r e a t e d  w i th  v a r i o u s  c o n c e n ­
t r a t i o n s  o f  e th e p h o n  (1 0 0 0 ,  2000 , 4000 o r  8000 ppm) w i th  and  w i t h o u t  
a  s u r f a c t a n t .  C o lo r  d e v e lo p m e n t  was n o t  i n c r e a s e d  by  t r e a t i n g  p l a n t s  
w i th  h i g h e r  c o n c e n t r a t i o n s  o f  e th e p h o n  n o r  by t h e  a d d i t i o n  o f  a  s u r ­
f a c t a n t  ( F ig u r e  6 ) .  T hese  r e s u l t s  do n o t  a g r e e  w i t h  th e  e a r l i e r  w ork
F ig u re  5 . E f f e c t  o f  E thephon (6000 ppm) and S to r a g e  on B e t a - c a r o t e n e  and C ap sa n th in  in  40 Day 
Old Tabasco  P ep p e rs
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F ig u r e  6 .  E f f e c t  o f  S e v e r a l  C o n c e n t r a t i o n s  o f  E thephon  and a 
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o f  Love e t  i l l .  (30 ) who r e p o r t e d  l a r g e  i n c l e a s e s  i n  c a r o t e n o i d  s y n t h e ­
s i s  f o l l o w i n g  e th e p h o n  t r e a t m e n t .  However, t h e  r e s u l t s  o f  t h i s  s tu d y  
w ere  l i k e l y  I n f l u e n c e d  b y  h e a v y  r a i n  t h a t  im m e d ia te ly  fo l lo w e d  a p p l i c a ­
t i o n  o f  d ie  c h e m ic a l .  I n  a d d i t i o n ,  t h e  h e a v y  r a i n  was accom pan ied  b y  a  
c o n s i d e r a b l e  d ro p  i n  t e m p e r a t u r e .  As r e p o r t e d  e a r l i e r ,  t h e r e  was c o n ­
s i d e r a b l e  a b s c i s s i o n  o f  l e a v e s ,  f l o w e r s  and  f r u i t s  a s  a  r e s u l t  o f  t r e a t ­
m en ts  m e n t io n e d  a b o v e .  T hese  r e s u l t s  s u g g e s t  t h a t  d ie  p h y s i o l o g i c a l  
m echanism  w hich  t r i g g e r s  a b s c i s s i o n  i s  m ore s e n s i t i v e  t o  e th e p h o n  th a n  
t h a t  m echanism  w h ich  a f f e c t s  p ig m e n t  d e v e lo p m e n t .  A c c o rd in g  t o  E d g e r to n  
and  H a tch  ( 2 1 ) ,  u s i n g  r a d i o a c t i v e  t r a c e r  t e c h n i q u e s ,  e th e p h o n  s lo w ly  
moves i n t o  th e  f r u i t s  o f  a p p l e s  and  c h e r r i e s  p r i m a r i l y  v i a  t h e  l e a v e s .
E f f e c t s  o f  E th ep h o n  on D ry M a t t e r
F i g u r e  7 c l e a r l y  shows t h a t  e th e p h o n  h a d  l i t t l e  o r  no e f f e c t  on 
d r y  m a t t e r  c o n t e n t  o f  T ab asco  p e p p e r s  30 o r  40  d a y s  o f  a g e .  T h i s  d i f ­
f e r s  somewhat from  t h e  f i n d i n g s  o f  B r e n d l e r  (8) who r e p o r t e d  t h a t  d r y  
y i e l d  (5% m o i s t u r e )  o f  c h i l l  p e p p e r s  was I n c r e a s e d  by  e th e p h o n  i f  i t  
was a p p l i e d  b e f o r e  12% o f  t h e  f r u i t  was r i p e .  However, h e  i n d i c a t e d  
l i t t l e  o r  no I n c r e a s e  i n  h a r v e s t a b l e  d r y  m a t t e r  a f t e r  t h a t  p o i n t .  As 
e x p e c t e d ,  o l d e r  f r u i t s  w e re  s i g n i f i c a n t l y  h i g h e r  i n  d r y  m a t t e r .  T h is  
i s  n o t  s u r p r i s i n g  s i n c e  I n c r e a s e d  d r y  m a t t e r  i s  g e n e r a l l y  a s s o c i a t e d  
w i t h  m a t u r i t y  and  r i p e n i n g .
E t h e p h o n 's  P o t e n t i a l  Use i n  M e c h a n ic a l  H a r v e s t
T h e re  i s  no  d o u b t  t h a t  e th e p h o n  h a s  c o n s i d e r a b l e  p o t e n t i a l  a s  a  













F ig u r e  7. E f f e c t  o f  E thephon  (6000 ppm) on Dry W eight o f  T abasco  
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s y n t h e s i s  o f  im m ature  f r u i t ,  t h e r e b y  i n c r e a s i n g  t h e  number o f  r e d  f r u i t .  
S e c o n d ly ,  e th e p h o n  In d u ced  pod a b s c i s s i o n ,  th u s  e n a b l i n g  th e  e a s i e r  
rem ova l o f  f r u i t .
Two m e c h a n ic a l  h a r v e s t s  a r e  p o s s i b l e  d u r i n g  th e  same y e a r  d e p e n d ­
in g  on d a t e  o f  f i r s t  k i l l i n g  f r o s t  s i n c e  p l a n t s  p o s s e s s  t h e  a b i l i t y  to  
r e c o v e r  a f t e r  c h e m ic a l  t r e a t m e n t  (6000 ppm ). Low c o n c e n t r a t i o n s  o f  
e th e p h o n  a p p e a r  to  b e  e x t r e m e ly  p r o m is in g  s i n c e  f r u i t  a b s c i s s i o n  was 
l i m i t e d  to  r i p e r  f r u i t s  and  f o l i a g e  i n j u r y  was m in im a l .
SUMMARY
A p p l i c a t i o n s  o f  e th e p h o n  to  T ab asco  p e p p e r  p l a n t s  w ere  made to  
d e t e r m in e  e f f e c t s  on a b s c i s s i o n  o f  p l a n t  p a r t s  and  to  s tu d y  i t s  i n f l u ­
e n c e  on g a s  e x c h a n g e ,  c o l o r  d ev e lo p m e n t  and  d r y  m a t t e r  c o n t e n t  o f  h a r ­
v e s t e d  f r u i t s .
A b s c i s s i o n  o f  a l l  p l a n t  p a r t s  i n c r e a s e d  w i th  i n c r e a s i n g  c o n c e n ­
t r a t i o n s  o f  e th e p h o n  and by th e  a d d i t i o n  o f  a  s u r f a c t a n t .  The h i g h e r  
c o n c e n t r a t i o n s  o f  e th e p h o n  r e s u l t e d  i n  th e  l o s s  o f  m ost f o l i a g e ,  f lo w e r s  
and  f r u i t s .  E th ep h o n  p rom oted  f o r m a t io n  o f  t h e  a b s c i s s i o n  l a y e r  a t  th e  
a t t a c h m e n t  o f  t h e  f r u i t  s te m .  R eco v e ry  o f  I n j u r e d  p l a n t s  was r e l a t i v e l y  
r a p i d  and  a  s e c o n d  c ro p  was h a r v e s t e d  i n  S ep te m b er  from p l a n t s  t r e a t e d  
i n  J u l y  w i th  e th e p h o n .
E th ep h o n  i n f l u e n c e d  th e  gas  exchange  o f  T ab asco  p e p p e r s  by a l t e r ­
in g  th e  e v o l u t i o n  o f  c a rb o n  d i o x i d e  and  e t h y l e n e .  A c o n c e n t r a t i o n  o f  
6000 ppm e th e p h o n  a p p l i e d  to  T abasco  p l a n t s  s i g n i f i c a n t l y  re d u c e d  c a r ­
bon d i o x i d e  e v o l u t i o n  o f  30 and  40  day  o l d  f r u i t s  s h o r t l y  a f t e r  h a r v e s t .  
P r o d u c t i o n  o f  c a rb o n  d io x i d e  was s l i g h t l y  g r e a t e r  by t r e a t e d  f r u i t s  
a f t e r  24 h o u r s  o f  s t o r a g e  ( 7 5 ° F . ) ,  h o w ev e r .  Young f r u i t s  d e m o n s t r a te d  
h i g h e r  r a t e s  o f  r e s p i r a t i o n  b o th  a t  h a r v e s t  and a f t e r  t h e  b r i e f  s t o r a g e .  
The same e th e p h o n  t r e a t m e n t  r e s u l t e d  i n  s u b s t a n t i a l  i n c r e a s e s  i n  e t h y ­
l e n e  e v o l u t i o n  by f r u i t s  o f  b o th  a g e s  (30 and 40 d a y s )  on th e  day  o f  
h a r v e s t .  I n i t i a l  d i f f e r e n c e s  b e tw een  e t h y l e n e  e v o l u t i o n  o f  t r e a t e d  and 
u n t r e a t e d  f r u i t s  w e re  s t a t i s t i c a l l y  s i g n i f i c a n t  o n ly  f o r  th e  y o u n g e r  
pods  on th e  day  o f  h a r v e s t .
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T r e a t e d  f r u i t s  o f  b o th  a g e s  e v o lv e d  s l i g h t l y  g r e a t e r  am ounts  o f  
e t h y l e n e  th a n  co m p a ra b le  c o n t r o l s  24 h o u r s  a f t e r  h a r v e s t .  E v o lu t io n  
o f  b o th  g a s e s  from  th e  f r u i t  showed a  g e n e r a l  d e c r e a s e  d u r i n g  t h e  2 4 -h o u r  
p e r i o d  w h ich  f o l lo w e d  h a r v e s t .
E th ep h o n  (6000  ppm) c a u s e d  an  i n c r e a s e  i n  p ig m en t  d ev e lo p m e n t  in  
th e  y o u n g e r  T a b a sc o  f r u i t s  ( s p r a y e d  a t  27 d ay s  o f  a g e  and  h a r v e s t e d  a t  
3 0 ) .  T h is  e f f e c t  became o b v io u s  4 d a y s  a f t e r  h a r v e s t  o r  7 d ay s  a f t e r  
a p p l i c a t i o n .  A t t h i s  t im e  b o th  c a p s a n t h i n  and  b e t a - c a r o t e n e  in  t r e a t e d  
f r u i t s  s u b s t a n t i a l l y  e x c e e d e d  t h e s e  same p ig m en ts  i n  c o n t r o l  f r u i t s .
T h e re  was l i t t l e  o r  no e f f e c t  o f  e th e p h o n  on c o l o r  d ev e lo p m en t i n  f r u i t  
s p r a y e d  a t  37 d a y s  a f t e r  f l o w e r i n g .  H ow ever, t h e r e  a p p e a re d  t o  be  a  
s l i g h t  i n c r e a s e  i n  b e t a - c a r o t e n e  i n  th e  t r e a t e d  s a m p le s .  G e n e r a l l y ,  
c a r o t e n o i d  p ig m e n t  d e v e lo p m e n t  was m ore ad v an c ed  i n  40  day  o ld  f r u i t s  
th a n  in  30 day  o l d  f r u i t s .  In  a n o t h e r  e x p e r im e n t ,  i n c r e a s i n g  th e  c o n ­
c e n t r a t i o n  o f  e th e p h o n  o r  i n c l u d i n g  a  s u r f a c t a n t  i n  th e  s p r a y  m ix tu r e  
d id  n o t  a f f e c t  c o l o r  d ev e lo p m e n t  o f  T ab asco  p e p p e r s .  However, r e s u l t s  
w ere  l i k e l y  i n f l u e n c e d  by a d v e r s e  w e a th e r  w h ich  im m e d ia te ly  fo l lo w e d  
t r e a t m e n t  a p p l i c a t i o n s .
D ry m a t t e r  o f  T abasco  p e p p e r s  was n o t  a f f e c t e d  by  e th e p h o n  a t  any  
c o n c e n t r a t i o n  u s e d .
The a b i l i t y  o f  e th e p h o n  to  s t i m u l a t e  c a r o t e n o i d  s y n t h e s i s  i n  
T abasco  f r u i t s  and to  in d u c e  pod a b s c i s s i o n  i n d i c a t e s  t h a t  t h i s  compound 
can  be u se d  t o  a i d  i n  t h e  m e c h a n ic a l  h a r v e s t  o f  T abasco  p e p p e r s .
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Table I. Analysis of Variance for Carbon Dioxide Evolution of Tabasco
Peppers Field Treated with Ethephon (6000 ppm)
S o u rc e  o f  V a r i a t i o n
D e g re e s  o f  
Freedom
Mean S q u a re  f o r  
Carbon D io x id e
E th ep h o n
Day o f  H a r v e s t  
1 2 4 .5 5 ^
F r u i t  Age 1 4 4 . 5 8 ^
E th ep h o n  x Age 1 0 .2 1
E r r o r 16 3 .9 7
E th ep h o n
Day a f t e r  H a r v e s t  
1 2 .9 5
F r u i t  Age 1 8 .4 8 ^
E th ep h o n  x  Age 1 0 .0 6
E r r o r 12 1 .6 8
♦ S l g n i f l e a n t  a t t h e f i v e  p e r c e n t  l e v e l
♦ ♦ S i g n i f i c a n t  a t t h e one p e r c e n t  l e v e l
T a b le  I I . A n a ly s i s  
P e p p e r s  1
o f  V a r ia n c e  f o r  E th y le n e  E v o l u t io n  o f  T abasco  
F i e l d  T r e a te d  w i th  E thephon  (6000 ppm)
S o u rc e  o f V a r i a t i o n
D eg rees  o f  
Freedom
Mean S q u a re  f o r  
E th y le n e
E th e p h o n
Day o f  H a r v e s t  
1 0 . 8 0 0 ^
F r u i t  Age 1 0 .2 7 4 1**
E th ep h o n  x Age 1 0 . 2 6 9 ^
E r r o r 16 0 .0 5 0
E th ep h o n
Day a f t e r  H a r v e s t  
1 0 .1 3 0
F r u i t  Age 1 2 .9 9 0 ^
E th ep h o n  x Age 1 0 .0 0 3
E r r o r 20 0 .3 9 0
♦ S l g n i f l e a n t  a t  t h e  f i v e  p e r c e n t  l e v e l  
♦ ♦ S l g n i f l e a n t  a t  t h e  one p e r c e n t  l e v e l
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Table III. Analysis of Variance for Capsanthln and Beta-carotene In
Tabasco Peppers Field Treated with Ethephon (6000 ppm)
D e g re e s  o f Mean S q u a re s  f o r
S o u rc e  o f V a r i a t i o n Freedom  C a p s a n th ln B e t a - c a r o t e n e
E th ep h o n  
S to r a g e  1 
E th ep h o n  x 
E r r o r
S to r a g e










2 1 0 .8 4 *
3 0 6 2 .4 1 * *
2 1 0 .8 4 *
2 9 .6 1
E th ephon  
S t o r a g e  * 
E th ep h o n  x 
E r r o r









1 1 8 .8 1  
15650 .01**  
3 0 6 9 .1 6 * *  
9 1 .6 4
♦ S i g n i f i c a n t  a t  th e  f i v e  
* * S i g n i f l e a n t  a t  t h e  one
p e r c e n t  l e v e l  
p e r c e n t  l e v e l
^ S to r e d  4 d ay s  a t  75°F .
T a b le  IV. A n a ly s i s  o f  V a r ia n c e  f o r  Dry M a t t e r  
C a p s a n th ln  i n  T abasco  P e p p e r s  a t  5 
phon , w i th  and  w i t h o u t  a  S u r f a c t a n t
B e t a - c a r o t e n e  and 
C o n c e n t r a t i o n s  o f  E th e -
D e g re e s Mean S q u a re s  f o r
S o u rc e  o f  
V a r i a t i o n
o f
Freedom
Dry B e ta -  
M a t t e r  c a r o t e n e
C apsan-
t h i n
T o t a l  C a ro -  
t e n o id s
S u r f a c t a n t 1 7 .0 5 0  .0020 .0004 .0100
E th ep h o n 4 0 .1 8 3  .0007 .0002 .0060
E th ep h o n  x
S u r f a c t a n t  4 7 .4 2 0  .0005 .0004 .0120
E r r o r 27 2 .7 7 5  .0007 .0003 .0090
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Table V. Analysis of Variance for Dry Matter of 30 and 40 Day Old
Tabasco Peppers Field Treated with Ethephon (6000 ppm)
S o u rc e  o f  




Mean S q u a re  
f o r  Dry 
M a t t e r
E thephon 1 0 .1 3
F r u i t  Age 1 1 6 2 . 0 0 ^
E th ep h o n  x Age 1 0 .1 2
E r r o r 28 0 .4 2
♦ ♦ S i g n i f i c a n t  a t  th e  one p e r c e n t  l e v e l .
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